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0HDQV WRXULVP LQIRUPDWLRQ GDWDEDVH GHVLJQ DQG EXLOW ZKLFK LQFOXGLQJ VSDWLDO JUDSK GDWDEDVH DQG
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WKHXQLILHGPDQDJHPHQWRIJUDSKLFVGDWD
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VLPSOHJUDSKLFDOEXWWRQVRIWKHIXQFWLRQGRQRWQHHGWRVHWGLUHFWO\FDQILQLVKWKHFDSDELOLWLHVWKDWXVHUV
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'HVLJQ6FKHPH,QWURGXFWLRQ
'HVLJQHGXVLQJ9&DQG0DS;FRQWUROPHWKRGLPSOHPHQWDWLRQWKHPDSGUDZQE\0$3,1)2
WKHGDWDEDVHXVLQJ64/6HUYHU
y 9&
0LFURVRIW 9LVXDO &  LV DQ H[FHOOHQW LQWHJUDWHG GHYHORSPHQW HQYLURQPHQW ZKLFK EDVHG RQ
:LQGRZV V\VWHP ODXQFKHG LQ  ,W FRQWDFW FORVH ZLWK WKH :LQGRZV RSHUDWLQJ V\VWHP0LFURVRIW
GHYHORSWKHSRZHUIXO0)&0LFURVRIW)RXQGDWLRQ&ODVVIRU9LVXDO&PDNHVWKHXVHRI9LVXDO&
DSSOLFDWLRQKDYHPRUHDGYDQWDJHVVXFKDVVPDOOVL]HZLWKIDVWVSHHGDQGKLJKHIILFLHQF\WKDQWKHRWKHU
GHYHORSPHQWODQJXDJH
y 0$3;
$FWLYH; LV 0LFURVRIW SURSRVHG D VHW RI &20 &RPSRQHQW 2EMHFW 0RGHO DQG PDNHV VRIWZDUH
FRPSRQHQWV LQWHUDFW LQ QHWZRUN HQYLURQPHQW RI WHFKQLFDO VHWV ,W KDV QRWKLQJ WR GR ZLWK VSHFLILF
SURJUDPPLQJODQJXDJH
0DS;LVDSURJUDPPDEOHFRQWUROEDVHGRQ$FWLYH;WHFKQRORJ\,WXVHVWKHVDPHGDWDIRUPDWZLWKWKH
0DS,QIR3URIHVVLRQDODQGLPSOHPHQWHGPRVWRIWKH0DS,QIR3URIHVVLRQDOIHDWXUHV>@
0DS; SURYLGHV GHYHORSHUV ZLWK D IDVW HDV\ WR XVH SRZHUIXO PDS RI WKH FRPSRQHQWV ,Q 9%
3RZHU%XLOGHU'HOSKL9&DQGRWKHUYLVXDOGHYHORSPHQWHQYLURQPHQWRQO\LQWKHGHVLJQSKDVHZLOO0DS;
FRQWUROV LQ IRUPDQGFDUULHVRQ WKHSURJUDPPLQJ WR VHWSURSHUWLHVRUFDOOLQJPHWKRGVRUFRUUHVSRQGLQJ
HYHQWV
0DS;GHILQHVDFODVVV\VWHPLQRUGHUWRHIIHFWLYHO\RUJDQL]HWKHJUDSKLFHOHPHQWVOD\HUVDWWULEXWHGDWD
DQGRWKHUREMHFWV0DS;PDLQIHDWXUHVLQFOXGHGLVSOD\0DS,QIRIRUPDWPDSRQWKHPDSWR]RRPLQ]RRP
RXW URDPLQJ VHOHFW DQGRWKHU RSHUDWLRQV WKHPDWLFPDSV OD\HU FRQWURO GDWDELQGLQJ G\QDPLFPDSSLQJ
OD\HU DQG XVHU OD\HU FUHDWH DQG HGLW PDS REMHFWV VLPSOH JHRJUDSKLF LQTXLU\ WKH ERXQGDU\ FKHFN WKH
DGGUHVVTXHU\HWF
0DS; KDV VWURQJ GDWD ELQGLQJ DELOLW\ 5HDOL]LQJ GDWD LQ GDWDEDVH DQG WKH0DS,QIR PDS LQ0DS;
UHODWLRQVE\ELQGLQJPDNLQJ WKHPDSREMHFWVDQGFRQQHFW WKHUHODWLRQDOGDWDEDVHGDWD LWHPFRUUHVSRQGV
$IWHUGDWDELQGLQJFDQEHPDGHVSHFLDOFKDUWVGDWDLQWKHGDWDRURQWKHPDSTXHU\GDWDDQGWKURXJKWKH
64/VWDWHPHQWUHDOL]DWLRQRQWKHPDSTXHU\
y 0$3,1)2
0DS,QIR LVDSRZHUIXOPDSEDVHG:LQGRZVSODWIRUPVROXWLRQ8VLQJ0DS,QIR3URIHVVLRQDOEXVLQHVV
DQDO\VWVDQG*,6H[SHUWVFDQHDVLO\EHWKHUHODWLRQVKLSEHWZHHQGDWDDQGJHRJUDSKLF LQIRUPDWLRQGLVSOD\
DQGLQWXLWLYH>@
0DS,QIR 3URIHVVLRQDO  DGGV PRUH IDYRUDEOH REMHFW SURFHVVLQJ DQG HGLWLQJ IXQFWLRQV ,W SURYLGHV
FXVWRPHUVZLWKPRUHRSWLRQVIRUGDWDWRFUHDWHPDQLSXODWHDQGDQDO\]H2EMHFWURWDWLRQIXQFWLRQIRUVSLQ
WDUJHWPDSSURYLGHVDPRUHVLPSOHDQGHIIHFWLYHXVHULQWHUIDFH7KURXJK WKLV LQWHUIDFHZHFDQFUHDWHWKH
DJHQF\ SRLQW RI WKH UDQJH RI GDWD DQG WUDGH DUHD 7KH XVHIXOQHVV RI WKLV IHDWXUH LV YHU\ H[WHQVLYH IRU
H[DPSOH VHHNLQJ WRWDO UHWDLO VDOHV ORFDWLRQ WKH HVWDEOLVKPHQW RI FHOOXODUPRGHOVRI XUEDQ FRYHUDJH DQG
HYHQDUHDVRQDEOHZD\WRXVHSRLQWGDWDLQWHQVLYHZRUN
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*,6GDWDPRGHO
'DWDLQ*,6
y 'DWDW\SHVDQGIRUPDWV
7KH ILUVW VWHS RI*HRJUDSKLF ,QIRUPDWLRQ6\VWHP WR HVWDEOLVK D GDWDEDVH LV GHWHUPLQLQJ WKH V\VWHP
V
GDWDVRXUFH2YHUDOOWKHGDWDVRXUFHGDWDVRXUFHFDQEHGLYLGHGLQWRLPDJHGDWDVRXUFHDQGWH[WGDWDW\SHV
,PDJH GDWD LQFOXGLQJ H[LVWLQJ PDSV HQJLQHHULQJ GUDZLQJ SODQV SLFWXUHV DQG VR RQ $W SUHVHQW
YDULRXVW\SHVRIPDSLVLPSRUWDQWGDWDVRXUFHV7KLVLVQRWRQO\EHFDXVHWKHFRQWHQWVRILQWXLWLYHDQGPDSLV
ULFKEXWDOVRGXH WR WKHJHRJUDSKLFDO LQIRUPDWLRQ V\VWHPEHIRUH WKHDGYHQWRI WKHPDS LV UHSUHVHQWDWLRQ
VSDFHZLWKWKHVSDWLDOLQIRUPDWLRQSRZHUIXOPHDQV,QDVHQVHDYROXPHRIFRPSOHWHSURMHFWDWODVLVDWRSLF
JRRGPDQXDORSHUDWLRQJHRJUDSKLFLQIRUPDWLRQV\VWHP
7H[WGDWDDWWULEXWHGDWDLQFOXGLQJDOOW\SHVRILQYHVWLJDWLRQUHSRUWGRFXPHQWVVWDWLVWLFVH[SHULPHQWDO
GDWD DQG ILHOG LQYHVWLJDWLRQ RI WKH RULJLQDO UHFRUGV VXFK DV GHPRJUDSKLF GDWD HFRQRPLF GDWD VRLO
FRPSRVLWLRQDQGHQYLURQPHQWDOGDWD,GHQWLI\WKHW\SHVRIGDWDLVGHWHUPLQHGE\WKHIXQFWLRQRIWKHV\VWHP
VXFK DV WR HVWDEOLVKLQJ WRXULVP JHRJUDSK\ LQIRUPDWLRQ V\VWHP WKDW WKH UHTXLUHG GDWD DUH WRSRJUDSK\
DWWUDFWLRQVGLVWULEXWLRQWUDQVSRUWDWLRQOLQHVHWF
y ,QIRUPDWLRQLQSXW
*,6LQIRUPDWLRQLQSXWLQFOXGHVSDWLDOGDWDLQSXWDWWULEXWHGDWDLQSXWVSDWLDOGDWDDQGDWWULEXWHGDWDOLQN
>@
6SDWLDOGDWDUHIHUVWRWKHVSDFHLQZKLFKWKHORFDWLRQRIVXFKGDWD
$WWULEXWHGDWD RU QRQVSDWLDOGDWD LV WKHGHILQLWLRQRI VXFKGDWDPDSSLQJ IHDWXUHVRI VSDWLDOGDWDRU
FRQWHQWH[SUHVVHG
(QWHUWKHEDVLFVSDWLDOLQIRUPDWLRQLQWZRZD\V
D*HRJUDSKLFLQIRUPDWLRQHQWLWLHVWR;<FRRUGLQDWHVLQWKHIRUPRIDFORFNZLVHRUFRXQWHUFORFNZLVH
LQSXWPHWKRG
E:LWKSRLQWVOLQHVSRO\JRQVDQGJULGPHWKRGWKDWOLQNVJHRJUDSKLFHQWLW\
*,66SDWLDO'DWD0RGHO
7KHVSDWLDOGDWDFDQEHFROOHFWHGDFFRUGLQJWRWKHLUZD\VVWRUDJHPHWKRGVLOOXVWUDWHFRQWHQWVXVHWDUJHW
HWF ZLWK GLIIHUHQW GDWD PRGHO LV RUJDQL]HG $ VSDWLDO GDWD PRGHOLQJ PD\ KDYH VHYHUDO RSWLRQDO GDWD
VWUXFWXUH DQG HDFK NLQG RI GDWD VWUXFWXUH DQG PD\ KDYH PDQ\ ILOH IRUPDWV IRU VWRULQJ *HRJUDSK\
LQIRUPDWLRQV\VWHPLVWKHPRVWFRPPRQO\XVHGGDWDRUJDQL]DWLRQZD\IRUYHFWRUPRGHODQGJULGPRGHO,Q
YHFWRUPRGHOZLWKGRWOLQHVXUIDFHH[SUHVVZRUOGLQWKHJULGPRGHOXVLQJVSDWLDOXQLWV&HOORU3L[HOWR
H[SUHVV
y 7KHFKDUDFWHULVWLFVRI*,6VSDWLDOGDWD
'DWD LV WKH EDVLV RI LQIRUPDWLRQ V\VWHPV *HQHUDOO\ VSHDNLQJ WKH GDWD LV LQIRUPDWLRQ FDUULHU DQG
LQIRUPDWLRQLVWKHGDWDFRQWHQW8VLQJFRPSXWHUVWRSURFHVVGDWDH[WUDFWLQIRUPDWLRQLVWKHEDVLFIXQFWLRQV
RI LQIRUPDWLRQ V\VWHPV*,6 LVPDLQO\ WRGHDOZLWK WKHGDWDZKLFK UHODWHG WR VSDFH ORFDWLRQ DQG VSDWLDO
UHODWLRQVKLSV,QJHQHUDOWKHGDWDKDVWKHIROORZLQJEDVLFIHDWXUHV
D 6HOHFWLYLW\'DWDIURPFHUWDLQVLGHGHVFULEHREMHFWLWVHOI
E 5HOLDELOLW\7KHUHDUHPDQ\SRVVLEOHUHDVRQVLQIOXHQFHWKHGDWDVXFKDVGDWDLQDFTXLVLWLRQVWRUDJH
PDQDJHPHQWSURFHVV WRPDNHPLVWDNHV WKHUHZLOOEHHUURUV OHDGLQJ WRGDWDGLVWRUWLRQ7KH UHOLDELOLW\RI
GDWDPXVWEHHQVXUHG
F 7LPLQJ7KLQJLVG\QDPLFGHYHORSPHQWGDWDFDQRQO\UHIOHFW WKHVWDWHRIWKLQJVLQWKHVWDWHRID
FHUWDLQWLPH
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G &RPSOHWHQHVV ,QFRPSOHWH 'DWD RIWHQ OHDG DQDO\VLV UHVXOWV RI QRW SHUIHFW HYHQ FDXVH GHFLVLRQ
PDNLQJHUURUV
H &RPSUHKHQVLYH
7KH VSDWLDO GDWD H[FHSW IRU LWV JHQHUDO GDWD IHDWXUHV VWLOO KDYH VRPH GLIIHUHQFH ZLWK RWKHU GDWD
FKDUDFWHULVWLFV&RQVWLWXWHWKHVSDWLDOGDWDPDLQIHDWXUHVLVVSDWLDODQGDEVWUDFWLRQ
y 6SDWLDOGDWDPRGHO
6SDWLDOGDWDPRGHOLVWKHVSDFHRQWKHUHDOZRUOGHQWLWLHVDQGWKHLULQWHUUHODWHGFRQFHSWVZKLFKGHVFULEH
WKHVSDWLDOGDWDIRUWKHGHVLJQRIVSDWLDOGDWDEDVHRUJDQL]DWLRQDQGSURYLGHVWKHEDVLFPHWKRGV,QJHQHUDO
DFFRUGLQJ WR WKHPRGHOE\ZD\RIGDWDEDVH V\VWHPV*,6VSDWLDOGDWDPRGHOFDQEHFRQVLGHUHG IURP WKH
FRQFHSWXDOGDWDPRGHO ORJLFDOGDWDPRGHODQGSK\VLFDOGDWDPRGHOFRPSRVHGRI WKUHH OHYHOVRIRUJDQLF
OLQNDVVKRZQLQ)LJXUH
 6SDWLDOFRQFHSWXDOGDWDPRGHO
&RQFHSWXDOGDWDPRGHOLVWKHDEVWUDFWFRQFHSWVRIJHRJUDSKLFDOVSDWLDOHQWLWLHVDQGSKHQRPHQRQZKLFK
LVLQWHJUDWLQJJHRJUDSKLFDOGDWDVHPDQWLFLQWHUSUHWDWLRQ,WLVFRQVLGHULQJWKHQHHGVRIWKHXVHUJHQHUDOLW\
XVH WKH VDPH ODQJXDJH GHVFULSWLRQ FRPSUHKHQVLYH DQG LQWHJUDWHG HDFK XVHU YLHZ )URP WKH FRPSXWHU
V\VWHP
VSRLQWRIYLHZLWLVDEVWUDFWWRSOHYHO
,QWKHZRUOGDOOVRUWVRIJHRJUDSKLFDOSKHQRPHQDDQGREMHFWLVFRPSOH[XVHGLIIHUHQWPHWKRGVRUIURP
GLIIHUHQWDQJOHV WRYLHZJHRJUDSKLF VSDFHSUREDEO\SURGXFHVGLIIHUHQWFRQFHSWXDOPRGHO%DVHGRQ*,6
GDWD RUJDQL]DWLRQ DQG KDQGOLQJ DW SUHVHQW WKH JHRJUDSKLFDO VSDWLDO FRQFHSW GDWD PRGHO FDQ EH EURDGO\
GLYLGHGLQWRWKUHHNLQGVQDPHO\EDVHGRQILHOGILHOGEDVHGEDVHGRQREMHFWREMHFWEDVHGDQGEDVHG
RQQHWZRUNQHWZRUNEDVHGGDWDPRGHO
7KH6SDWLDO'DWD6WUXFWXUH
7KHVSDWLDOGDWDVWUXFWXUHUHIHUVWRDUHDVRQDEOHVSDWLDOGDWDRUJDQL]DWLRQWRFRPSXWHUSURFHVVLQJ7KH
GDWDVWUXFWXUHLVWKHPLGGOHRIWKHPHGLDEHWZHHQGDWDPRGHODQGILOHIRUPDW7KHFKRVHQRIGDWDVWUXFWXUH
GHSHQGV RQ WKH QDWXUH RI WKH GDWD DQG WKH XVH RIZD\ 'LIIHUHQW VWUXFWXUH XVHG LQ GLIIHUHQW WDVNV 7KH
H[SUHVVLRQRIVSDWLDOGDWDFDQEHWZRIRUPVUDVWHUDQGYHFWRU

,QWHUOD\HU5HDOL]H
7RS'HVLJQ&RQFHSWXDO:RUOG
'DWD:RUOG
&RQFHSWXDO 'DWD0RGHO
/RJLFDO 'DWD0RGHO
([WHUQDO0RGH
3K\VLFDO'DWD0RGHO
7KH5HDO:RUOG
*HRJUDSKLFDO (QWLW\
([WHUQDO0RGH
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)LJXUH 7KUHHOHYHOVRIGDWDVSDFHPRGHO
7RXULVPJHRJUDSK\LQIRUPDWLRQV\VWHPGHVLJQ
7KH6\VWHP'HVLJQ
7KLVWRXULVW LQIRUPDWLRQV\VWHPEDVHGRQJHRJUDSKLFLQIRUPDWLRQV\VWHPWHFKQRORJ\LVWKHQHZVSDFH
LQIRUPDWLRQPDQDJHPHQWV\VWHP6LFKXDQSURYLQFLDOWRXULVPLQIRUPDWLRQ*,6V\VWHPEDVHGRQWKHWRXULVP
UHVRXUFHV LQ 6LFKXDQ SURYLQFH FRQVLGHULQJ WKH UHVRXUFH SURWHFWLRQ GHYHORSPHQW DQG XWLOL]DWLRQ DQG
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WKHQDFFHVVVSHHGQDWXUDOO\PRUHVORZ>@'XHWRWKHSUREOHPVFDXVHGE\WKHQHWZRUNWUDQVPLVVLRQVSHHG
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